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PREFACE

During the last few decades, biology has become
the fastest growing area of science. Building on ad-
vances made in physics and chemistry early in this
century, research in biology has generated massive
amounts of information and created whole new ar-
eas of investigation, ranging from molecular genet-
ics to biogeochemical cycles. In the process, biol-
ogy has not only grown, but has essentially changed
during the last fifty years from a science that de-
scribes and catalogs the natural world to one that
provides a detailed explanation of the mechanics of
the natural world. Even at the present level of un-
derstanding, biology is rapidly becoming a predic-
tive science.

This transformation has altered the ways in
which biology is studied and how it is taught. New
findings are being generated at a rate that threatens
to overwhelm those involved in teaching and re-
search. For the student of biology, especially the
nonmajor, the conceptual framework can easily be
obscured by the overwhelming level of details.

The Rationale for This Book

Mindful of the changes that have swept over biol-
ogy, this text is written for a one-term introductory
biology course for the nonmajor. Unlike other
texts, it is not an abridged or diluted version of a
textbook originally designed for majors. It has been
written by an author who works with undergradu-
ates on a daily basis, teaching basic courses in a bi-
ology curriculum to both majors and nonmajors.

In recognition of the need for nonscience stu-
dents to acquire knowledge of basic biological con-
cepts, rather than an array of facts, each chapter is
organized around one or two central ideas. For ex-
ample, the organizing concept in Chapter 5 is the
cell cycle. Once the cell cycle has been explained,
the process of mitosis, meiosis, cancer, and aging
are interpreted in light of this concept. Without
question, new discoveries will continue to refine the
concept of the cell cycle and the related processes.
If students have a firm grounding in the cell cycle,
they will be equipped with a way of thinking about
and interpreting newly discovered details, and be
able to integrate them into a conceptual frame-
work.

The speed at which technology is being devel-
oped from scientific knowledge and the pressure of

human population growth make it clear that
difficult, informed decisions need to be made at all
levels, from the personal to the global. A great
many of these decisions, ranging from genetic
screening to global warming, will require knowl-
edge of biological principles. Flected leaders and
citizens outside the community of biologists need
to have a working knowledge of biology in order to
shape and support the decisions regarding biologi-
cal developments that will need to be made in the
coming decades. A course and a text based on a
hierarchical approach, which links a basic set of bi-
ological concepts, can provide the basis for trans-
mitting these principles without unnecessary detail
or jargon.

This text has been written with several premises
in mind:

1. The use of a limited number of clearly pre-
sented, interlinked concepts is the best ap-
proach to learning a complex, detailed subject
such as biology.

2. A text for nonmajors should be written in a
straightforward, clear fashion with relevant ex-
amples that students can apply to themselves.

3. The figures and photographs should teach
rather than merely illustrate the ideas under dis-
cussion.

4. The concepts must be linked by a small number
of basic, organizing themes.

The Interwoven Themes

Areas of biology that were once islands of knowl-
edge are rapidly being integrated into a larger pic-
ture. As this process continues, a small number of
organizing ideas are proving useful in interpreting
biological processes. Two of the most powerful of
these themes are genetics and evolution. During the
last four decades, genetics has illuminated with
great clarity the physical and mechanistic bases for
the key characteristics of living organisms: how
they reproduce, develop, and function.

Evolution is the result of natural selection of ge-
netic variation. All organisms have an evolutionary
history that can be extended backward in time to
the origin of life on Earth. As forms diverged under
natural selection, they carried genetic evidence of
their relationship. The recent discovery that the
gene controlling eye formation is an ancient genetic
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innovation links all organisms with eyes to a com-
mon ancestor.

The themes of genetics and evolution are used
throughout the texts to organize and link the con-
cepts presented in each chapter. In each chapter,
the concepts are presented in an evolutionary con-
text. For example, excretion in multicellular organ-
isms is associated with a tubular structure lined
with epithelial cells. This basic unit functionally
links the flame cells of the rotifer with the human
kidney. A discussion of the genetics of kidney dis-
orders provides an insight into the nature and func-
tion of genes involved in excretion.

The Organization

The text is divided into seven parts. Part 1 presents
background to understanding the origin, organiza-
tion, and basic functions of all organisms. The
chemical and biological bases of life and the basic
properties of all living systems including structure
of cells, energy transfer, and cellular reproduction
are discussed.

Part II deals with the basic principles of genet-
ics, from Mendelian patterns of inheritance and
gene action to applications of genetic engineering.
These principles are related to organisms ranging
from bacteria to humans to everyday events such as
having your cat vaccinated and buying milk.

In Part III, the development of the theory of
evolution is discussed and then related to the origin
of species, and the events above the species level,
emphasizing the relationship between the physical
environment and adaptations that allow fitter indi-
viduals to survive and leave more offspring.

Many biology texts, especially those for nonma-
jors, give only cursory treatment to the biology of
plants. The emphasis of Part IV is on terrestrial
plants and how they developed different adapta-
tions to the same environmental challenges as ani-
mals, namely, seasonal variation, protection, desic-
cation, and gravity.

Part V deals with control systems in animals,
briefly describing the evolutionary history of adap-
tations for establishing and maintaining homeosta-
sis, with a focus on the structure and function of
body systems in humans. This serves two purposes:
It provides students with an evolutionary perspec-
tive and motivates them to learn about concepts to
which they can personally relate.

In Part VI, the chapters cover reproduction in
plants and animals to contrast again how plants and
animals have solved some basic reproductive prob-
lems: fertilization in the absence of water, pro-
tection of the developing embryo, and the devel-
opmental strategies employed in producing the
structures of the adult organism.

Part VII deals with organisms and their inter-
actions with the physical environment. This section
begins with a description of the structure and life
cycle of populations, and how populations form
communities. It stresses the important point that
natural communities enhance and reinforce the lives
of the species that make up the community, and
that disruption of any species or of the physical en-
vironment can have devastating consequences on
the community. The last chapter emphasizes the fact
that human populations have grown to the point
where the limited resources of the planet are being
stressed, and that we need to plan now to manage
our physical and biological environment in order to
sustain human society.

Although the text is organized in a format that
begins with the chemical level and ends with cycles
and the biosphere, the text can be used in a variety
of formats, including those that place ecology and
the environment first. Most chapters have been
written to stand alone, so that the parts and chap-
ters can be used in an interchangeable format, pro-
viding the instructor with maximum flexibility.

The Pedagogy

Each chapter opens with a short vignette that re-
lates to the concept or concepts to be discussed in
the chapter. These episodes have been selected to
relate the concepts discussed in the chapter to a
real situation, either historical or contemporary,
and to kindle student interest in the material to be
covered.

As described earlier, each chapter is centered
around a limited number of concepts, woven to-
gether with a discussion of their evolutionary and
genetic aspects. The connections to other con-
cepts and applications of the concepts are also
outlined.

Within the chapter, headings are written as de-
scriptive, summary statements that preview the ma-
terial and often summarize the point of the section.
This provides the student with an overview and a
convenient way of reviewing the material in the
chapter.

The chapters end with a summary that restates
the major ideas covered in the chapters. Beginning
each chapter with an example of the concept and
then ending with a restatement of the concepts and
their applications will help focus the students’ at-
tention on the conceptual framework and minimize
the chance that they will attempt to learn by rote
memorization of facts.

At the end of each chapter, questions test the
students’ knowledge of the facts and their ability to
reason from the facts to conclusions. Some ques-
tions relate biology to our society and our culture.



Several elements of the text are designed to serve
as a built-in study guide for the student. Chapter 1
provides an overview of biology and the organiza-
tion of the book. This chapter is followed by a sec-
tion on developing study skills. It has been posi-
tioned here to make it visible, to provide a list of
study skills and how to acquire them, and to assist
the student in preparing for examinations. This is
followed by the opening vignette of Chapter 2 as a
lead-in to the material on the chemistry and origin
of life. All chapters use opening vignettes to set
the stage for the topics to be discussed. Other ele-
ments in chapters serve as part of a built-in study
guide. These include the use of statements as pri-
mary and secondary headings, chapter summaries
in list form, a list of key terms in the chapter, all of
which are defined in the text and in the glossary,
and the end-of-chapter questions that test recall of
facts and applications of the chapter’s concepts to
social issues.

Throughout the book, sidebars are used to high-
light applications of concepts, discuss oddities of
nature, present controversial ideas, and communi-
cate the latest results in a field, without interrupting
the flow of the text.

The Art Program

The art program is based on more than 25 years
of classroom experience teaching undergraduates.
To be effective, classroom illustrations must con-
dense concepts and communicate major points ef-
fectively. This experience has been reinforced by
more than a decade of preparing illustrations for
textbooks of genetics, a field that underpins and in-
forms much of modern biology. For this text, the
result is uncluttered and effective illustrations that
parallel the presentation of material in the text. To
emphasize the parallel importance of text and art
as pedagogical devices, the text and its relevant il-
lustrations are presented on the same page or same
two-page spread. Students will not have to turn
pages to find figures or photos that relate to the
point being discussed. In addition, colored icons in
the text highlight the figure callouts, allowing the
student to return quickly to the appropriate place
in the text after studying the figure.

Like the text, the art program is concept driven,
and the resulting illustrations are clear summaries
of a concept under discussion, without unnecessary
text, labels, or detail. This is accomplished by hav-
ing the illustrations supported by a detailed expla-
nation of the concept in the text, allowing the art to
be an unencumbered summary, often in the form of
a flow diagram of a process or concept.

The Human Connection

The book covers many aspects of biology, and pre-
sents examples from organisms ranging from pro-
karyotes to primates. Because it is easiest for stu-
dents to relate biological concepts to their own
lives, several features of the text have been con-
structed to connect the concepts and the process of
science to the everyday experience of the students.
Some of these features are as follows:

1. Science and Society. At the end of each chapter,
one or more open-ended questions ask the stu-
dents to apply what they have learned to com-
mon situations. These questions are wide rang-
ing, and include considering how the diet of
spiders might be beneficial to humans, whether
it is ethical to use zoos to preserve endangered
species of primates, or how to balance the risks
of using radioactive isotopes with diagnosis and
treatment of disease.

2. Beyond the Basics. Boxed material in each
chapter relates concepts in the chapter to topics
that either elaborate ideas presented in the
chapter or are interesting, but tangential, ex-
amples that should be of interest to the students.
These include heat-generating plants, specula-
tion that early hominids used tools as killer fris-
bees, and the use of insects found on corpses to
establish the time of death.

3. Guest Essays. To emphasize that science is a hu-
man endeavor, and is always in the process of
refinement, the book contains essays written by
scientists, describing how they became inter-
ested in science, what they study, and how their
research relates to the larger context of human
society. These essays are not just about the scien-
tists, but are written by the scientists, providing
students with insights into the lives, thoughts,
and motives of biologists.

The text and coordinated ancillaries also incor-
porate other features, which are described in the
following section.

#29& ANCILLARIES

To assist you in teaching this course and supplying
your students with the best in teaching aids, West
Publishing Company has prepared a complete sup-
plemental package available to all adopters.

For the Instructor

The comprehensive instructor’s manual and test
bank, prepared by Judith Lanum Mohan of Case
Western University, includes teaching ideas, chapter
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overviews, learning objectives, discussions of com-
mon student misconceptions, audiovisual and mul-
timedia sources, Internet sources, and the test bank
containing approximately 3000 multiple choice,
true/false, fill-in-the-blank, matching, short answer,
analogy, and quantitative questions.

The entire test bank is provided on diskette along
with WESTEST, a computerized testing package.
Using WESTEST 3.1, instructors can generate ex-
aminations containing questions they select or have
questions randomly generated by the computer. In-
structors can also use the WESTEST 3.1 edit func-
tion to modify theses questions, add new questions,
or delete existing questions. Additionally, West’s
Classroom Management software allows student
data to be recorded, stored, and used for various
reports.

West provides an on-line update service through
its HomePage containing articles by the text au-
thor. Dr. Cummings reports monthly on new and
interesting developments in the field of biology since
the publication of the text, West’s Instructor’s Ref-
erence CD-ROM, which contains all of the instruc-
tors’ printed supplements, WESTEST 3.1, the
Classroom Management Software, the electronic
presentation package, and all of the art from the
text, provides instructors with a single source for
the supplements.

A slide set and full-color transparency acetate set
provide clear, effective illustrations of 150 of the
most important artwork and maps from the text.

An electronic slide presentation package using
Persuasion, prepared by Michael Farabee of Es-
trella Mountain Community College, provides text
outlines, guiding questions, all artwork, with 34
available as animations, and photos for each chap-
ter of Biology: Science and life. The presentations
are available for Macintosh and for Windows. In-
structors with Persuasion software can customize
the outlines, art, and order of presentation. The
text’s art has been converted to a visual format suit-
able for computer projection in the classroom.

West also has available its Biology Videodisc
which includes animations of intricate processes,
illustrations, and video footage. Used in conjunc-
tion with Lecture Builder software you can create,
edit, store and build upon your own personalized
lectures.

Understanding Human Evolution software, by
Ronald Wetherington, contains 13 interactive evo-
lution exercises with graphics. For example, in one
interactive simulation, students compare dominant/
recessive selection and balanced polymorphisms.
It’s available for IBM PCs or compatibles with at
least 256k.

Other multimedia is available to qualified
adopters. Please contact the local West sales repre-
sentative for more details.

For the Student

Current Perspectives in Biology, edited by Shelly
Cummings of the University of Chicago, is a collec-
tion of approximately 50 very current articles cho-
sen from general interest and science magazines to
supplement material that students will encounter in
their course work. West can make this supplement
available with the text as a set, or it can purchased
separately.

Laboratory Manual for Introductory Biology, Sec-
ond Edition by Jay M. Templin is a concise, easy to
follow laboratory manual that covers all of the ma-
jor themes of contemporary biology. The labs em-
phasize the discovery process by challenging stu-
dents to predict what will happen or explain what
has happened during an experiment. The second
edition provides a more even balance of animal and
plant exercises. In addition, human fluids are no
longer used in any experiment. When needed, arti-
ficial fluids are substituted. The lab manual in-
cludes full color photos of pig dissections. An In-
structor’s Manual is also available.

A study guide, written by Richard Friedman
Drexel University, is closely tied to the main text.
The guide provides students with an overview of
each chapter, learning objectives, exercises to test
the students on key terms, chapter concept ques-
tions, experiments and activities, diagram labeling
exercises, and practice exams consisting of multiple-
choice, true/false, fill-in-the-blank, and matching
questions.

Internet Activity Booklet, tied to the West Pub-
lishing home page for address updates, provides
projects for students to get the latest information
and data on topics such as recent research in ge-
netics.

Exploring Critical Issues in Biology by Andrea
Huvard (California Lutheran University) contains
34 biological topics and issues (genetic engineering,
AIDS, evolution and human intelligence) presented
to encourage students to understand practical ap-
plications of their studies in biology. Questions at
the end of each discussion provide a springboard
for critical analysis.

Study Skills for Science Students by Daniel Chi-
ras is an 86-page booklet which offers practical
tips on notetaking, test-taking, reading efficiency,
concept mapping, and using computer software
tutorials.

A Student Note Taking Guide contains printed
copies of all of the art that is used in the electronic
slide presentation package. Bound with perforated,
3-hole punched pages, it allows students to take
notes as the slides are shown in lecture. The com-
plete text of Study Skills for science students is also
included.
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LEARNING GUIDE

Before you become absorbed in this textbook, take a moment to look over the next few pages. We've provided
an overview of the built-in learning devices you'll find throughout the book. Becoming familiar with these
unique features can make it easier to navigate through the material.

CHAPTER
OUTLINE

CELL DIVISION IS A PROPERTY OF LIVING
SYSTEMS

Some Cells Divide by Binary Fission

THE CELL CYCLE DESCRIBES THE LIFE
HISTORY OF A CELL

Interphase Has Three Stages

GUEST ESSAY: A Life of Questions: The Questions
of Life

CHROMOSOMES HAVE A CHARACTERISTIC
STRUCTURE

MITOSIS HAS FOUR STAGES

Duplicated Chromosomes Become Visible
in Prophase

Chromosomes Become Aligned in Metaphase

Duplicated Chromosomes Separate in Anaphase

Cytoplasmic Cleavage Occurs in Telophase

MITOSIS IN ORGANISMS WITH CELL WALLS

SIDEBAR: Cell Division and Spinal Cord Injuries

MITOSIS IS ESSENTIAL FOR GROWTH AND
CELL REPLACEMENT

Cancer and Control of the Cell Cycle

CELL DIVISION BY MEIOSIS: THE BASIS
OF SEX

BEYOND THE BASICS: Genes, Cell Division, and
Cancer

AN OVERVIEW OF MEIOSIS: CONVERTING
DIPLOID CELLS INTO HAPLOID CELLS

THERE ARE TWO DIVISIONS IN MEIOSIS

Meiosis I Reduces the Chromosome Number

Meiosis 11 Begins with Haploid Cells

MEIOSIS AND GENETICS

Meiosis Produces New Combinations of Genes
in Two Ways

Sexual and Asexual Reproduction Are Different
Evolutionary Strategies

MEIOSIS AND THE LIFE CYCLE

GETTING STARTED
Chapter outlines will get you started with a quick
overview of what topics you can expect to cover.

Prologues open each chapter. These engaging

short stories provide a fascinating glimpse into a
number of diverse subjects. Interested in the big
bang theory? Turn to the prologue to Chapter 2. Ever
wonder what your body has in common with a car?
Check out the prologue to Chapter 4. All of the pro-
logues were written to make your journey into
biology as interesting and rewarding as possible.

\

N

t the Marine Biological Laboratories at Woods Hole,

Massachusetts, scientists gather cach summer as they

have for more than 100 years to teach, to learn, and to
conduct experiments using the marine plants and animals that
can be collected there. In the summer of 1982, a group of young
scientists led by Tim Hunt began experiments designed to study
biochemical changes that take place after fertilization of the sea
urchin egg. They decided to examine new gene products (gene
products are proteins) made in the hours immediately after fertil-
ization, a time when a series of cell divisions take place. They
fertilized a batch of sea urchin eggs and, at 10-minute intervals,
analyzed the newly made proteins during the first 2 to 3 hours of
development. The fertilized egg first divides at about 60 minutes,
and again about 2 hours after fertilization, resulting in a four-cell
embryo.

Several new proteins appeared almost immediately after fer-
tilization, including one that exhibited unusual bebavior. This
protein was continuously synthesized, but was unexpectedly de-
stroyed just before each round of cell division. Because of its
cyclic bebavior, this protein was called cyclin. Experiments using
another species of sea urchin revealed two cyclins that
periodically disappear during the cell divisions associated with
early development. Investigating other organisms available at
Woods Hole, this group discovered that the developing eggs of
clams also contain cyclins. Because these proteins disappear..
(continued)




BEAUTIFUL AND INSTRUCTIONAL COLOR
As you look through the text, you’ll notice
the consistent use of vibrant colors. Not
only are the colors beautiful to look at,
but they also make for clearer and more Buiiste faming)
informative illustrations.

External
auditory canal

Earlobe

(a)

EVERYTHING IS
RIGHT WHERE YOU NEED IT Eustachian tube
If you’ve ever found yourself flipping back

and forth between pages, trying to find
the illustration that the text refers to,
you’ll appreciate the effort that went into
the page layout of this book. Whenever
possible, illustrations and photographs
appear on the same page or spread as
the text they accompany. This makes it
much easier to go back and forth from
text to visuals.

Relative amounts of cyclins

G1 S G2 M

Phases of cell cycle

¢ FIGURE 5.13

A Different cyclins (A~E) are produced and destroyed
at different times in the cell cycle. Each cyclin plays a
role in regulating passage of a cell through the cell
cycle.

NOW, WHERE WAS 1?7

You just spent a few minutes studying
an illustration and now you can’t
remember where you left off reading.

This little red diamond appears next to\ The signals that are part of this switch point in the cell cycle
figure references within the text. It’s a were discovered as a result of the work started at Woods Hole in

little feature, but a real time-saver. These signals are generated by the synthesis and action of
cyclins (% Figure 5.13). At the G1 control point, a cyclin combines

with another protein, generating a signal that moves the cell from
G1 into S. What signals cause the production and destruction of
cyclins are not yet known.

Cancer cells have disabled this and other control points, and di-
vide continuously. Mutations in genes that control the synthesis or
action of cyclins are important in generating the transformation of
a normal cell into a cancer cell.




Sidebar

CELL DIVISION AND
SPINAL CORD INJURIES

Many highly differentiated
cells, like those of the
nervous system, do not

divide. They are sidetracked

from the cell cycle into an
inactive state called GO. As a
result, injuries to nervous tis-
sue such as the spinal cord

cause permanent loss of cell

function and paralysis. For

years, scientists have worked

to learn how to stimulate
growth of spinal cord cells so
that injuries can be repaired.

Recent work suggests thatit

may soon be possible to get
nerves in the spinal cord to
reconnect to their proper tar-
gets and to restore function
in nerve cells that are
damaged, but not cut.
Researchers have shown that
the severed spinal cords of
young rats can be recon-
structed by transplantation of
the corresponding section of
spinal cord from rat embryos.
When the rats reached adult-
hood, most of the sensory
and movement was restored.

Other researchers have iso-
lated a growth factor found

only in the central nervous
system that causes cell
growth from the ends of sev-

ered spinal cords. Whether

such growth can result in re-
connection of nerves to their
proper muscle targets, and.
whether function can be re-
stored are unresolved ques-
tions.

WHAT DO DEEP SEA VENTS HAVE TO

DO WITH CONVICTING A SUSPECTED
MURDERER?

The Sidebar in Chapter 4 explains how
bacteria living in 100°C water at the vents
provide proteins used in recombinant DNA
techniques such as DNA fingerprinting.
Other Sidebars throughout the text provide
brief descriptions of human health
applications, new discoveries, and quirks of
nature-and, at the very least, they’re great
for impressing friends and family.

GUEST ESSAYS

Here’s your chance to read what scientists
have to say about the roots of their interest
in science, their careers, and basic research
that has resulted in important, but often
unintended, discoveries with beneficial
applications. Guest Essays are fun and
interesting to read—you might be tempted
to read all of them first.

WHEN YOU JUST HAVE TO KNOW MORE

If we included in-depth coverage of every in-
teresting topic in biology, this text would be
very difficult to finish in one term, much less
to carry. But some topics are so compelling,
that you want to know more. Beyond the
Basics boxes feature topics of special inter-
est and develop them a little further and in
more detail.



GUEST ESSAY: RESEARCH AND APPLICATIONS

A Life of Questions: The Questions of Life

ost children go through a “What?” stage,
M progress on through “Why?” and “How?”
and eventually grow into adults concerned with in-
creasingly specific questions, such as “Will you marry
me?” and “How much does this cost?” [ never gave
up asking the “What? How?” questions, and they
have led me into science. How do seeds grow into
plants? How do robins find worms? How do living
things grow and move? These questions that I asked
as a child are still meaningful to me as an adult. Liv-
ing things are both so beautiful and so interesting
that I could never decide whether I preferred to pur-
sue art or science full time.

My college years were spent shuttling between
the biology labs and the university theater, so I was
usually either looking through a microscope at di-
atoms I had cultured or focusing lights on scenery I
had built and painted. After college, I was still reluc-
tant to commit myself exclusively to science. I de-
ferred graduate school and I took a job as a lab tech-
nician in a biomedical research lab. Working on cells
“hands on” I gradually came to realize that being a
scientist was much more of an art than I had realized.
Glassblowing, photography, assembling posters, and
redesigning equipment were as much a part of my job
as growing cells or purifying proteins. The lab was a
place where skill and “good hands” were needed as
well as knowledge, and where someone who asked a
lot of questions was just doing her job proficiently
rather than being a pain in the neck.

Beyond the

Basics

In science, as in life, my curiosity has led me to a
series of serendipitous discoveries. In graduate
school, I saved one of the “contaminant” proteins I
was purifying away from my main “thesis-related”
protein, and found that the contaminant was a new
form of the well-known protein actin, differing in its
location within cells as well as its biochemistry. While
learning to use the electron microscope, I found
some strange and beautiful structures in the “gar-
bage” fractions that normally would have gone down
the drain. For months afterwards, any hapless scien-
tist visiting the lab was handed photographs of these
structures and ruthlessly grilled: “Have you ever seen
anything like THESE before??” No electron micro-
scopist for miles (we asked a lot of them!) could iden-
tify these particles. We named them “vaults” because
of their beautiful and intricate morphology, reminis-
cent of the multiple arches that form vaulted cathe-
dral ceilings.

One question that people ask me is “If there are
so many of these in all cells, why didn’t anyone ever
see them before you?” One answer is that vaults can’t
be seen in samples prepared for electron microscopy
using normal stains, and are in essence invisible in
conventionally prepared sections of cells. The tech-
nique [ was using enabled me to see them, and an-
other new technique allowed me to purify them.
Vaults were in fact actually photographed and ap-
peared in publications as contaminants of coated
vesicle preparations. No one realized they were intact

NANCY KEDERSHA

new structures instead of fragments of coated vesicles
until I purified them. So perhaps the most complete
reason why no one ever saw them was because no-
body looked using the right tools, and when they did
use the right tools, they didn’t ask the right questions.
The “right” question I asked was “What are these
things?” And now that we know more about what
they are, the question is “What do they do?”

Powerful new techniques, instrumentation, and
computers have resulted in an explosion of data that
is coming in faster than we can digest or integrate.
Science is a process to make sense out of data and un-
derstand the principles behind events. Like a micro-
scope or a telescope, science is also a way of viewing
the world, and it evolves like a living organism as
does our understanding. The more I look, the more I
see; the more questions I answer, the more new ones
[ perceive. 1 find such beauty in the answers that for
me, art and science are one.

Nancy Kedersha is a research scientist at Immunogen, Inc., in
Cambridge, Massachusetts. She bas published dozens of arti-
cles on topics in cell biology, and her photos of cancer cells
have won numerous prestigious international awards. Her
work has been the subject of feature articles in several

national and international magazines.

GENES, CELL DIVISION, AND CANCER

Cancer is a dis-
order of cellu-
lar reproduction.
This condition arises from within the cell, causing
cell division to be out of control; cells continually
move through the cell cycle and divide, giving rise to
daughter cells that also undergo continuous division.
Cells may also break away from the original tumor
mass and establish new tumor sites elsewhere in the
body (a process known as metastasis). Because the
ability to divide in an uncontrolled fashion is passed
on to the progeny of cancer cells, it is logical to as-
sume that this property is under genetic control. The
question is, if genes are involved in cancer, which
ones are they and what do we know about them?

Until recently, these questions were difficult if not
impossible to answer. Now however, scientists are
uncovering two types of genes that are associated
with the development of cancer, tumor suppressor
genes and oncogenes. The first group contains genes
that normally keep cell division in check, preventing
the cell from responding to external and internal
commands to divide. If one or more of these genes are
damaged or absent, restraints on cell division are re-
moved, leading to the formation of tumors.

The second group of genes, the oncogenes, are
able to activate cell division in cells that normally do
not divide or do so only slowly. In other words, when
these genes are damaged, or make gene products at
inappropriate times or in the wrong amounts, resting

cells begin to divide in an uncontrolled fashion, caus-
ing tumor formation.

At the present time, fewer than 10 tumor sup-
pressor genes have been discovered, but more than
75 oncogenes have been described. The importance
of oncogenes in relation to cancer can be shown by
the fact that scientists working with oncogenes were
awarded Nobel Prizes for their efforts in 1966 and
1989. New research on cancer genes is aimed not
only at discovering more of these genes, but at under-
standing how the action of these genes at the molecu-
lar level fits into the network of external and internal
signals that bombard the cell and result in a decision
to move through the cell cycle and divide.



Some Cells Divide by Binary Fission |

In the cells of prokaryotic organisms, including
blue-green algae and other bacteria, cell division
follows a period of growth during which the cell
enlarges by synthesizing new sections of the cell
wall and by making more cytoplasm. During this
period of growth, the circular DNA molecule
that serves as a chromosome is copied. Each copy
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Meiosis I Reduces the
Chromosome Number

In the first stage of prophase I, the chromosomes
coil, thicken, and become visible under the mi-
croscope. As the chromosomes condense, the nu-
cleoli and nuclear membrane disappear and the
spindle becomes organized. Each chromosome
physically associates with its homologue, and the
two chromosomes line up side-by-side, a process
known as synapsis (Figure 5.15). During synap-
sis, each chromosome is composed of two sister
chromatids held together at the centromere, and
the four chromatids in the cluster are often re-
ferred to as a tetrad. During this stage, evidence
for a physical exchange of chromosome material
between homologous... (continued)
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SUBSECTION HEADINGS ARE

FULL SENTENCES

Instead of traditional topic titles for each
subsection (for example, Cell Division or
Meiosis I), full statements like the ones
shown at the left foreshadow the main
points to come. It may not seem like a big
deal, but it can really improve your
comprehension.

BUILT-IN STUDY AIDS

Need a quick memory refresher for an upcom-
ing exam? Chapter summaries reinforce the
main topics covered in each chapter.

Cytokinesis? Diploid? Gametes? Important key
terms are listed at the end of each chapter.
For complete definitions just flip to the
glossary in the back of the book. It’s easy to
find—there’s a colored band on the edge of
each glossary page so you can open right to it.

Questions and Problems at the end of each
chapter are another great way to test your
knowledge of the subject matter.

Brief objective questions (with answers in the
back of the book) along with the Developing
Your Abilities To Think and Study section
between Chapters 1 and 2, provide all the ba-
sics for a short-form study guide. Science and
Society questions require the use of analytical
skills to discuss scientific and societal issues
with which we may be confronted in coming
years.

THE WHOLE PICTURE

In many cases photographs and illustrations
are used together (as in the example to the
left) to visually explain concepts.



